Efficient and sustainable utilization of irrigation water is the key to realizing the objective of enhancing agricultural productivity and commercializing smallholder irrigation farming. Valuing and recognizing the scarcity of irrigation water is essential for its sustainable use. Using cross-sectional data from 328 smallholders in and around Makhathini and Ndumo-B irrigation schemes in KwaZulu-Natal Province, the study aimed to assess smallholder farmers' preferences for the way irrigation water resources should be managed and their willingness to pay for irrigation water. This was done employing a choice experiment method. The results suggest the need for irrigation water pricing to reflect irrigation intensity. They also show that improving agricultural production and productivity, with market access can enhance farmers' willingness and ability to pay for irrigation water. The need to consider multiple uses of irrigation water for sustainable utilization of water resources is evident, while supporting women smallholders will have a positive impact on their willingness to pay for irrigation water. The paper recommends a shift towards on-farm volumetric water pricing in the irrigation schemes. The schemes should also have clearly defined boundaries and enforceable rules on collective use of water. The design of irrigation infrastructure should integrate other uses of irrigation water such as domestic and livestock purposes. Consequently, there is a need for further research to ensure that irrigation water prices reflect the marginal value of irrigation water use. Policies should address factors that inherently result in gender differences in terms of access to productive resources which negatively affect sustainable water utilization.
INTRODUCTION
Efficient utilization of water should underpin efforts towards commercializing agricultural production in smallholder irrigation. Globally, irrigated agriculture uses nearly 70% of freshwater withdrawn from rivers and aquifers, and the figure is even higher for sub-Saharan Africa (87%) (FAO, 2011) . The improved performance of irrigation systems compared to rainfed agriculture has triggered the expansion of irrigation farming. Consequently, this has increased the demand for water, adding to the growing concerns of water scarcity, amid other competing water uses. South Africa is one of the waterscarce countries in Africa. The average annual rainfall in the country is approximately 500 mm compared to a global average of 860 mm (Speelman et al., 2011; Schreiner, 2015) . Kruger and Nxumalo (2017) also showed some large variations in the rainfall distribution in the country, with observed increases in the south and decreases in the northern and north-eastern parts over the period 1921-2015. There are concerns that by 2030 available water in the country's catchments will not be enough to meet the national water requirements (Schur, 2000) . Hence, the need to promote sustainable and efficient utilization of the available water resources, failure of which could have dire consequences for smallholder livelihoods, rural employment and poverty reduction. Schur (2000) identifies economic incentives as vital tools to improve the allocation of water resources. If a resource, such as irrigation water, is scarce, its scarcity must be reflected in the market thereby inducing the incentive to use it more efficiently and sustainably (Ray, 2011) . Increasingly, research has been focusing on finding ways and means of improving efficiency in the irrigated agriculture sector to increase water supply for other uses (Reinders et al., 2013) . The challenge is that the current water management arrangements in most smallholder irrigation schemes in South Africa provide no incentive for sustainable utilization of water, maintenance of irrigation infrastructure and collective management of the schemes (Muchara et al., 2014) . The scheme-level institutional failures, the poverty of irrigation infrastructure and the nonavailability of agricultural water markets means irrigation water is often considered as a common pool resource (nonexcludable, but rival in consumption) (Barton and Bergland, 2010; Muchara et al., 2016) . This makes it difficult to monitor water consumption in the irrigation schemes or even charge volumetrically. Coupled with poor record-keeping and lack of water measurement devices in most schemes, precision in irrigation water valuation is close to impossible (Lange and Hassan, 2007; Young and Loomis, 2014; Muchara et al., 2016) . In the absence of credible water value estimates, there would be little or no incentive for changing irrigation practices and efficient utilization of water. This study argues that until the commitments to gradually phase in the full cost of providing irrigation water are met, the current irrigation water charges will have minimal impact on smallholder irrigation practices.
Several approaches have been employed in the past to determine the economic value of irrigation water and inform water pricing and management policies. These are categorised as direct (stated preference) and indirect (revealed preference) methods. Direct techniques, such as contingent valuation (CV) and choice experiment modelling (CEM), obtain preferences directly through questioning individuals on their 384 willingness to pay (WTP) for a good or a service. Indirect techniques depend on observed market behaviour and data to infer an economic value of water (e.g., residual valuation, hedonic pricing, production function, and demand function approaches) (Young and Loomis, 2014) . The commonly applied approach to irrigation water valuation in South Africa is the residual valuation method (e.g. Speelman et al., 2011; Muchara et al., 2016; Njoko and Mudhara, 2017) . However, the use of this or any other revealed preference method is problematic because markets for some key inputs in smallholder agriculture (such as land) are non-existent. In such cases, it is recommended to use the stated preference approaches, i.e., the CV or CEM (e.g. Kunimitsu, 2009; and Bhaduri and Kloos, 2013) . However, comparing these two, the CEM is more suitable to valuation of irrigation water in the context of smallholder farmers for the following reasons: The approach can model heterogenous preferences in irrigation water services among smallholder farmers which results in higher water use efficiency (Abu-Zeid, 2001) . The CEM also often requires a small sample of data to achieve similar accuracy in water valuation estimates (Barton and Taron, 2010) . This is especially important given the high cost of data collection in Africa. The CEM is also not affected by some common biases associated with the 'warm glow' effect (deriving moral satisfaction from doing something deemed socially right) and strategic positioning by respondents often encountered in CV (Birol et al., 2006) .
The application of the CEM is relatively new to irrigation water valuation with just a few studies conducted so far (e.g. Kunimitsu, 2009; Barton and Bergland, 2010; Bhaduri and Kloos, 2013) . Most of the studies are from Asia and there is a gap in the literature regarding Africa's smallholder irrigation sector. To the best of the authors' knowledge CEM has not been applied to irrigation water valuation in the context of South Africa. However, the method has been widely used in other sectors in the country to determine non-market values for different environmental goods (e.g. Jaeck and Lifran, 2009), municipal water (e.g. Kanyoka et al., 2008) and technology adoption (e.g. Asrat et al., 2010) , among others. Therefore, this study aimed to use the CEM to assess farmers' preferences on how irrigation water should be managed and determine their willingness to pay (WTP) for the resource. The farmers' preferences are assessed from three angles, i.e., water management, multiple uses of water, and multiple cropping. These represent the institutional arrangements in irrigation water management, other possible uses of irrigation water and the demand for irrigation water, respectively. The study contributes to the literature on water pricing in smallholder irrigation. The findings can be used to inform irrigation water management and water pricing policies for resource-poor farmers, contributing to sustainable and efficient utilisation of irrigation water resources.
RESEARCH METHODOLOGY The South African context
Agricultural water in most smallholder irrigation schemes in South Africa is provided as a free commodity, subsidized exclusively by the government (Muchara et al., 2014) . Schreiner (2015) reports that the country is currently providing a subsidy of over US$30 million per year to the irrigation sector. The 'Draft Pricing Strategy for Water Use Charges' drawn in terms of the National Water Act of 1998 (RSA, 1998) gives provisions for subsidized water pricing rates, including operations and maintenance charges, for irrigation schemes benefiting resource-poor communities (DWS, 2015) . The policy states that farmers in such communities incur no charge for the initial 5 years, and after that the water charges are phased in for the next 5 years at a rate of 20% per annum. The pricing strategy attempts to balance economic efficiency and the social equity side of irrigation water provision. However, this has created perceptions that water is a free good and situations where smallholder irrigation schemes are dependent on the government for operation and maintenance costs (Backeberg, 2006) .
Study area
The study was conducted in two areas in Jozini, a local municipality in uMkhanyakhude District in the northern part of KwaZulu-Natal Province, South Africa (Fig. 1 ). Jozini covers 3 057km 2 of land and borders Mozambique to the north, eSwatini to the west and four other local municipalities to the east and south. It is predominately rural but has 4 semiformalized towns that act as tertiary centres. The municipality has a population size of 186 502 which is largely youthful (72% below 29 years) and mostly female (54%). Education levels are low (13.5% have no schooling, 2% have a post-Grade 12 qualification) and this is reflected in the high poverty levels (43% of households reporting no income in the last census) (Jozini Local Municipality, 2015) .
According to the Jozini Municipality, agriculture forms one of the major important sectors within the municipality (Jozini Local Municipality, 2015) . The general livelihoods resemble a mixed farming system with farmers engaged in either crop farming (rainfed and irrigated) or livestock production or both. Due to persistent droughts, irrigation farming has assumed greater importance. Irrigation is conducted both in 385 schemes and outside. Land (in scheme or outside) is held on a permission to occupy (only use rights) basis granted by the traditional authorities. The land holding of the study sample ranges from as little as 0.2 ha to 10 ha of land. Those who irrigate outside the schemes include independent irrigators, homestead gardeners and community gardeners.
Scheme irrigation is mainly through two major schemes: i.e., Makhathini and Ndumo-B. These are approximately 80 km apart. Makhathini irrigation scheme covers an estimated 4 500 ha of irrigated land and has a total of 1 167 smallholders farming as individuals or part of cooperatives. It is managed by Mjindi Farming Private Limited, a state-owned entity. The scheme is serviced by a 34 km canal which carries water from the Jozini Dam, drawn by 6 pump stations. Ndumo-B irrigation scheme is relatively small and covers 500 ha of land. It is managed and operated by two cooperatives. At the time of the survey, only a part of the scheme with 21 members was operational (200 ha). Water is drawn from the Pongola River using an electric pump and brought to the plots using pipes. In both schemes, there is currently no volumetric water charging system at the farmer level.
The design of the choice experiment
Three critical steps are followed when designing a choice experiment, namely, the establishment of attributes of interest, assigning levels and, finally, the design of the choice sets (Mangham et al., 2009; Johnson et al., 2013) . How each step is conducted has implications for the validity and credibility of the results. In this study, complementary processes were followed to identify and assign levels to attributes of irrigation water in the target communities. The processes include literature review (including policy documents), in-depth discussions with farmers, field observations and key informant interviews with relevant stakeholders. For selection, an attribute had to be relevant to the agricultural policy direction in South Africa, hold significant value to the smallholders in relation to the payment of water and have literature which supports its importance. This process resulted in 4 attributes ( Table 1) .
The attribute 'membership to an organization governing water use' represents institutional arrangements in the irrigation schemes and knowledge on collective water management. Water governance and management of irrigation schemes are key aspects of sustainable management and success of smallholder irrigation in South Africa (Muchara et al., 2014) . Currently, water management is implemented through cooperatives or a third-party institution managing the irrigation schemes on behalf of farmers. According to the National Water Act of 1998 (RSA, 1998) , the water allocation rights are obtainable by any individual or organization drawing water from a surface or groundwater resource. However, resource-poor farmers are encouraged to form cooperatives, to assist them not only in water management but also in access to information, finance and high-value markets.
The attribute 'multiple uses of irrigation water' represents the possibility of using irrigation water for uses other than irrigation. The lack of consideration of the different uses of irrigation water results in undervaluation and inefficient allocation of the resource (Meinzen-Dick and Van Der Hoek, 2001) . The current water pricing policy (see DWS, 2015) does not consider these other different dimensions in irrigation water valuation. Currently, 20% of the sampled smallholders use irrigation water solely for irrigation purposes while the remaining majority also use it for other purposes (watering of livestock and/or domestic use). Though not desirable, since access to water is at least in theory considered a human right, authorities indicate that it is possible to fence off the canal or use a pipe system that prevents access outside of the schemes.
The attribute 'number of crops per season' characterizes the demand for irrigation water by each farmer, i.e., irrigation intensity. Farmers growing more crops (multiple crops or more quantities of the same crop) are more likely to use more water per season, yet they pay the same amount of annual water fees per hectare. Currently, some scheme irrigators have voiced their concerns with the non-volumetric charging system and believe that even in the absence of water meters, those growing more crops should pay more for water.
The attribute 'annual payment for irrigation water per ha (water fees)' includes both raw water fees and water service charges (electricity and maintenance) paid by smallholders to access irrigation water. Raw irrigation water is subsidized, with farmers paying minimal fees or nothing at all. However, to some extent, they contribute to the maintenance of water -*A combination of the attribute levels with status quo in parentheses represents the current scenario used in the study. It is assumed that in the absence of institutional challenges farmers in both schemes will face the same water charges. In the absence of any other information, the same status quo is also used for out-of-scheme farmers. In designing the choice sets, the study aimed to achieve a balance between statistical efficiency of the design and response efficiency. Statistical efficiency refers to 'minimizing the confidence intervals around parameter estimates in a choice model' while response efficiency deals with the 'measurement error resulting from respondents' inattention to the choice questions or other unobserved, contextual influences' (Johnson et al., 2013 p. 6) . Response efficiency could also be the result of respondent's failure to comprehend all the choice sets. Statistically efficient designs are orthogonal (levels of each attribute are statistically independent of each other), balanced (each attribute level appears in equal proportion across choices) and minimize overlap (repeating of the attribute level with a choice set) (Ryan et al., 2012) . Due to the practical impossibility of presenting the full set of choices (128 (2 × 4 3 )), a fractional factorial design was adopted in the study (Kuhfeld, 2010) . The orthogonal design option in SPSS v 24 was used to generate a choice set of 16 alternatives. Pairwise correlation coefficients of the attributes showed that the choice set met the orthogonality criterion while the level of balance was achieved. To increase response efficiency, a compromise was made on the minimum overlap condition. Johnson et al. (2013) state that overlap improves response efficiency by reducing the cognitive burden of evaluating huge attribute differences in a choice set. However, this was kept to a minimum to limit the negative impact on the design efficiency. Of the 16 alternatives, one was similar to the status quo scenario and hence was dropped from the list. The remaining list of 15 alternatives was divided into 5 choice sets of 4 alternatives, including the opt-out choice. Pretesting results showed that smallholders could respond to these with minimum difficulties in understanding or before boredom sets in. Literature suggests a practical limit of 18 choice sets of 2 options that an individual can respond to with no difficulties (Mangham et al., 2009) .
Sampling and data collection
The study targeted smallholders in and around the two irrigation schemes. This was done because the schemes also benefit other farmers outside the schemes. Moreover, it is important to align the study with the South African Government's objective of irrigation expansion. A total of 328 smallholder farmers were interviewed. The sample was stratified to include scheme irrigators (n = 109), non-scheme irrigators (n = 174) and dryland farmers (n = 45). Dryland farmers are those currently practicing rainfed farming. The study targeted at least 10% of scheme farmers actively engaged in farming at the time of conducting the study. Owing to their homogeneity, simple random sampling was used to identify the scheme irrigators using a list obtained from the scheme management and cooperatives. The other types of farmers were identified through snowball sampling since there was no available information regarding their populations. However, this was done proportionally considering the critical mass in each area. The choice experiment was conducted in a once-off survey in April 2016 through a questionnaire administered by 6 well-trained enumerators over a 7-day period. Besides the choice experiment questions, the questionnaire also covered information on the demographic and socioeconomic status of the farm households. To check the cognitive ability of the farmers in comprehending and responding to the proposed choice sets, a pre-testing exercise was conducted. Issues from the pre-test were addressed and changes made to the questionnaire before the actual survey.
Empirical approach
The theoretical foundation for choice modelling, the random utility model, is used to analyse the farmer's utility maximization problem (McFadden, 1973) . It is founded on Lancaster's characteristics theory which indicates that it is not 387 the good but the attributes it possesses that determines its value to a consumer (Lancaster, 1966) . The decision maker is the only one with knowledge of this utility. What the researcher observes are the different levels of the attributes and not the utility of the decision maker (Train, 2009 ). The study assumes that smallholders are rational in their decisions, and their WTP for irrigation water is determined by the utility they derive from the use of that water. The utility depends on their preferences for the various factors which impact on irrigation water use. At any one time, given a set of alternatives, rational farmers choose an alternative that gives them the highest utility.
To illustrate this, if a farmer's utility depends on a choice made from a given choice set (J) of irrigation water use options, the utility function for the farmer is given by:
where, for any farmer i, a given level of utility U is associated with alternative choice j. The utility function for each farmer has 2 parts, i.e., an observable part (V) as well and an unobservable part (ε). V is assumed to be a linear function of the attributes and any socio-economic characteristics of the farmer such as income and resource endowment. The exact estimation of the model depends on the assumptions made about the probability distribution of ε ij . If ε ij is independent and identically distributed with extreme value distribution, one should estimate the conditional logit model (Greene, 2012) . In this model, the probability of individual farmer i choosing alternative j can then be expressed as:
( 2) where X ij are all the observed factors and β ' represents parameters estimated from the model. If there are m attributes, V ij is expressed as:
( 3) where β m is the coefficient of attribute X m . The status quo or current situation is represented by ASC which is a dummy variable with 1 = choice of current status and 0 = any other alternative. The inclusion of the status quo provides an opt-out choice for those farmers not interested in any of the suggested alternatives. However, if the error terms are correlated and not identically distributed, the independence from irrelevant alternatives (IIA) assumption of the conditional logit model is violated (Hausman and McFadden, 1984) . The likelihood of this happening is high in the presence of heterogeneity in farmer preferences and socioeconomic factors. In such situations, estimating the conditional logit would result in biased estimates. The recommendation is to use the mixed logit, a less restrictive model that allows random taste variation and correlation in the error terms (Train, 2009; Greene, 2012) .
In the mixed logit model, the probability P of individual farmer i choosing alternative j then becomes:
(4)
where f(β) is the distribution function for β and X ij is a vector of observed variables. Three interaction terms were introduced in the model to test several assumptions regarding WTP for irrigation water, i.e., the effect of gender and crop income on the cost of irrigation water and the effect of livestock ownership on the multiple uses of irrigation water. In the estimation of the mixed logit, the non-price attributes were randomized while the cost attribute was treated as non-random (Layton, 2000; Lee et al., 2014) , a preferred option because it allowed the distribution of the WTP to be the same as that of the attribute (Scarpa et al., 2008) , making it easier to compute WTP estimates.
Willingness to pay estimation
Since the cost attribute (water fees) is taken as non-random, the WTP distribution takes the same form as that of the non-price attributes. According to Scarpa et al. (2008) , the mean and standard deviation of the WTP can thus be given by the mean and standard deviation of the attribute scaled by the inverse of the price coefficient. For a given attribute, the ratio of the attribute to the price coefficient also represents the marginal WTP for a change in the attribute values (Lee et al., 2014) . Following Bech and Gyrd-Hansen (2005) , the coefficient of the dummy attributes' in the equation, e.g. 'multiple uses of irrigation water', is multiplied by two. The equation is slightly adjusted to incorporate the interaction effects associated with the price or non-price attributes (Giergiczny et al., 2012; Bhaduri and Kloos, 2013) . For example, computing the WTP for the attribute 'multiple uses of irrigation water' should include 2 terms in the numerator, i.e., 'multiple uses' and 'multiple uses × no_cattle'. The denominator, which will be the same for all attributes, should include 3 terms, i.e., 'water fees', 'water fees × gender' and 'water fees × crop_income'.
(5)
RESULTS AND DISCUSSION
The comparative descriptive results Table 3 shows the characteristics of the respondents in respect of the demographics and other variables related to the attributes used in the choice experiment. Comparison by farmer category shows statistically significant differences in the number of crops grown per season, cattle ownership, multiple uses of irrigation water and interest in collective water management. Non-scheme irrigators grow more crops per season while rainfed farmers own approximately 3 times the number of cattle compared to the other farmers. Evidence of multiple uses of irrigation water is higher among farmers outside compared to those in the schemes. Interest in collective water management is also higher among farmers outside of the schemes compared to those inside. This is because smallholder farmers in the schemes have negative experiences with collective water management. Non-compliance by some members result in consequences that affect even those who are compliant. For example, the failure by some to pay for water use charges often leads to the disconnection of electricity or water which affects everyone.
Regarding differences across the study areas (Makhathini and Ndumo-B), statistically significant differences are observed in gender, the number of crops grown per season, crop income, membership to cooperatives and multiple uses of water. Makhathini had more female respondents and a higher ij ij ij 388 proportion of farmers in cooperative membership compared to Ndumo-B. However, Ndumo-B farmers grow, on average, more crops per season and obtain approximately 4 times the crop income of Makhathini farmers. Furthermore, Ndumo-B has a higher proportion of farmers who use irrigation water for other purposes.
The results of the choice experiment
The study estimates the empirical models using a dataset of 6 450 (327 x 5 x 4) observations. Each farmer had 5 choices from choice sets containing 4 options. Of the 328 questionnaires completed one had incomplete information and hence was dropped. The estimation was conducted in STATA 13. To reduce simulation errors in parameter estimates, 100 Halton draws were used in the mixed logit estimation. For ease of analysis and interpretation of results the attribute 'multiple uses of water' was transformed into a dummy variable with 1 representing multiples uses of irrigation water and 0 otherwise. After estimating the conditional logit model, a test for the IIA assumption using the Hausman-McFadden test was conducted. It compared the parameter estimates of the full model, which are consistent and efficient, to those of the restricted model that includes some of the outcomes (consistent and inefficient) (Cheng and Long, 2007) . The test was estimated for each outcome of the dependent variable (alternative choices), which meant 4 tests were conducted. The significant test results in Table 4 meant that the IIA assumption did not hold and hence the mixed logit model was estimated. The log-likelihood, Bayesian information criterion (BIC), and Akaike information criterion (AIC) values also confirmed that the mixed logit, which allows heterogenous preferences, is the better model compared to the conditional logit. Table 5 presents the results of the mixed logit models estimated with and without interaction terms. As indicated earlier, the dependent variable is the 'farmer's choice of irrigation water use options'. The results of the two are similar and the signs of the coefficients are as expected except for the 'membership to a water governing institution' attribute. The results suggest that the coefficient of the membership attribute does not statistically significantly affect choices. The other three attributes have a significant impact on choices. The negative coefficient of the attribute 'water fees' shows that higher fees reduce the probability of a farmer selecting an expensive option. Both the 'number of crops per season' and 'multiple uses of irrigation water' positively influence the choice of an option. This means all farmer categories prefer the option of growing more crops and are willing to pay more for increased irrigation intensity. The results confirm findings from other studies that identified the importance of recognizing multiple uses of irrigation water (e.g., Meinzen-Dick and Van Der Hoek, 2001; Boelee et al., 2007) in water valuation. The negative sign of the ASC coefficient shows that farmers prefer the alternatives that offer different combinations of water services compared to the status quo. Only 20% of the farmers prefer the status quo situation.
The study tests the effect of gender differences on the WTP through an interaction term of water fees and gender. The results show a negative coefficient for the 'water fees × gender' interaction term, suggesting that being male negatively affects choices resulting in a lower WTP for irrigation water compared to females. Women farmers in the study community generally place a higher significance on crop farming compared to men, most of whom prefer the culturally valued livestock production. The SOFA Team and Doss (2011) drew similar conclusions for women in sub-Saharan Africa, and this could explain their higher WTP for irrigation water. 
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The study also tests the hypothesis that higher crop income increases farmers' WTP for water using an interaction term between 'water fees' and 'crop income'. The results indicate that the potential for higher income earnings from crop production increases farmers' WTP. Thus, improving the productivity of agricultural enterprises and ensuring profitable markets for the marketable surplus will positively impact farmers' effective demand and hence their WTP for irrigation water. Similar results were also obtained in a study conducted in China where income had a positive and significant effect on WTP for irrigation water (Tang et al., 2013) . The coefficient of the interaction term between cattle ownership and the 'multiple uses of irrigation water' attribute is statistically significant and positive. This shows that farmers with larger stocks of cattle have a higher probability of choosing the multiple uses attribute and are willing to pay more for water. These farmers are typically benefiting from the complementarity of crop-livestock integration. Other studies confirm these findings and show that on-farm irrigation water has value in livestock watering and feed production (Hewitt, 2013; FAO, 2018) .
The standard deviations of the 'number of crops per season' and 'multiple uses of irrigation water' attributes are statistically significant (p < 0.01), showing heterogeneity in farmers' preferences for these attributes. The magnitudes of the mean and standard deviation show further information on the proportion of smallholders with a negative or positive preference of an attribute. Following Hole (2007), the proportions are given by 100 × Φ(−b x /s x ), where b x and s x are the mean and standard deviation of the x th coefficient while Φ is the cumulative standard normal distribution function. The results show that 69% of the smallholders prefer to use irrigation water for many more purposes and 65% prefer to grow more than one crop. Adding interaction effects to the model has no significant effect on the proportion of farmers with such preferences.
Preferences in managing irrigation water across farmer categories
The results in Table 6 show heterogeneity in preferences between the different categories of farmers and the study areas. The coefficient of the attribute 'multiple uses of irrigation water' is positive but significant only for the scheme and non-scheme irrigators. However, the coefficient of the interaction term between the attribute 'multiple uses of irrigation water' and the 'number of cattle owned' is statistically significant only for dryland farmers. This means, due to the value that dryland farmers place on their livestock, multiple uses of irrigation water are important only as they relate to the livestock enterprise. Other studies have shown that livestock are an integral component of smallholder mixed cropping systems and the integration enhances income diversification, land productivity and water efficiency (Liniger et al., 2011; Mekuria and Mekonnen, 2018) . The coefficient of the interaction term 'water fees × crop income' has a significant positive influence on choices and the WTP for non-scheme irrigators only. This suggests that higher income from crops will enhance the ability to pay for irrigation water among farmers irrigating outside of the schemes.
Regarding spatial differences, the cattle ownership effect on 'multiple uses of irrigation water', and hence choices is statistically significant for Makhathini and not Ndumo-B area. This suggests that integrating livestock with crop production will enhance smallholder ability to pay for irrigation water in Makhathini. The impact of gender and crop income on 'water fees' and hence the ability to pay for irrigation water is statistically significant for Ndumo-B and not Makhathini. This means female smallholders in Ndumo-B are more price sensitive compared to men and have a lower WTP. Despite women valuing smallholder agriculture more than men, other factors make those in Ndumo-B more economically vulnerable and hence could face challenges paying for irrigation water. Njoko and Mudhara (2017) found similar 390 results that showed that in most parts of rural KwaZulu-Natal, men have a higher ability to pay for water compared to women. Sharaunga et al. (2016) report that women in South Africa are disproportionately economically disempowered compared to their male counterparts. The significance of the coefficient of 'water fees × crop income' interaction term for Ndumo-B shows that increased productivity and profitable markets for the marketable surplus will have more impact on smallholder WTP in this area and not Makhathini. Table 7 presents the mean WTP for the different water-related services, estimated from the model with interaction effects. The negative WTP values show the lack of willingness to pay for that attribute. The bigger the number, the more unwilling are the farmers to pay for the attribute. The results suggest that farmers value the additional benefits derived from the use of irrigation water for other purposes more than the other attributes. 'Membership to a water governing institution' is the less valued of the three, for the reasons discussed earlier. The heterogeneity in preferences is observed through different WTP estimates for the attributes. Non-scheme irrigators are willing to pay ZAR1 213 more than what scheme irrigators are willing to pay for additional uses of irrigation water. This is because a higher proportion of non-scheme irrigators use irrigation water for other purposes compared to scheme irrigators (see Table 3 ). Similarly, for the same reasons, farmers in Ndumo-B are willing to pay more compared to Makhathini for the same attribute.
Farmers' WTP for different attributes
The results also suggest that farmers growing more crops (multiple and/or more of the same) are willing to pay extra for the use of more water, and the WTP is higher for scheme irrigators and Ndumo-B compared to other farmers. This finding suggests that irrigation water pricing should reflect irrigation intensity leading to efficient water allocation outcomes, an argument also put forward by Giraldo et al. (2014) . Although the initial cost might end up being prohibitive to resource-poor farmers (Abu-Zeid, 2001) , volumetric water pricing remains the best option for improving efficient utilization of water in smallholder irrigation. However, in the absence of volumetric charging, enhancing irrigation design, such as having clearly defined and enforceable watersharing arrangements can result in efficient allocation of water resources (Ostrom et al., 1994) . Despite facing frequent crop failures, the low dryland farmers' WTP values across all attributes is an indication of their negative valuation and perceptions of irrigation water payment compared to the other smallholders. Payment for water is a new phenomenon to such farmers, most of whom have never paid for water use before. Their attitudes to irrigation water payment are thus bound to be different from the rest of the farmers.
CONCLUSION AND RECOMMENDATIONS
Water valuation is an important step to address market failure in irrigation water and induce efficient utilization of the resource in the smallholder irrigation sector. Water scarcity threatens agricultural production and productivity and, therefore, endangers food security, employment and rural livelihoods. The study set to assess farmers' preferences in managing irrigation water resources and determine their WTP for irrigation water using the CEM approach. It contributes to the debate on irrigation water pricing for resource-poor farmers and improving efficient utilization of water resources. The farmers' WTP to produce more valuable crops implies that irrigation water use charges should reflect irrigation intensity. This will also contribute to curbing overirrigation which will continue to happen if water is underpriced. It is recommended that the water pricing policy shifts from the current average charge per hectare to a volumetric charging system at the farmer level. The government should fund the initial meter installation costs with a cost recovery Water fees × gender −1.85 x 10 4b 8.91 x 10 5 −1.61 x 10 4b 7.11 x 10 5 −0.001 a 2.13 x 10 4 −3.91 x 10 5 6.20 x 10 5 −2.86 x 10 4a 9.29 x 10 5 Water fees × crop income 9.44 x 10 10 1.23 x 10 9 5.27 x 10 9a 1.81 x 10 9 −5.92 x 10 8 4.26 x 10 8 −1.95 x 10 9 3.06 x 10 9 2.45 x 10 9b 1.17 391 strategy so that farmers can contribute towards this cost over time. To control the use of irrigation water, the design of farmer-managed irrigation systems should include clearly defined collective use arrangements with enforceable rules and mechanisms for conflict resolution. More WTP for additional uses of irrigation water confirms why it is important to consider multiple uses of irrigation water for efficient allocation and improved water management. Ignoring this value results in the undervaluation and unsustainable utilization of the resource. More importantly, the design and management of irrigation water infrastructure (such as canals) should integrate these other uses like livestock watering. This will reduce the damage to the irrigation infrastructure and avoid unnecessary water losses.
The study demonstrates how improving agricultural production and productivity with market access will improve farmers' willingness and ability to pay for irrigation water. Thus, there is a need to support policies and programmes (such as Agri-parks) that enhance the profitability of smallholder irrigation. This will positively impact farmers' contribution towards operation and maintenance costs for the schemes. The study also reiterates the importance of smallholder agriculture to women. Supporting women farmers has positive implications for efficient and sustainable utilization of irrigation water. Policies should seek to address existing gender gaps in accessing resources. Regarding dryland farmers, more awareness creation on water scarcity and the importance of efficient and sustainable utilization of water is required.
The study only focused on two irrigation schemes and hence studies in the future should expand this research nationally and regionally. A more difficult question for future research regarding irrigation water pricing concerns the possibility of integrating other irrigation water uses into the water pricing system. Proper cost-benefit analysis on the volumetric water charging at farmer level in the schemes should also be conducted. This will assist policy makers in planning for a smooth shift in the water pricing strategy. 
